Abstract. Drawbeads are often used in sheet metal forming processes in order to provide a better control of the material flow during forming processes. Experimentally it is well known that drawbeads play a very important role and are of paramount importance to the success of almost all complex forming operations. However, numerically there are still numerous difficulties to accurately model and describe drawbeads' geometries and actions. Accordingly, in numerical models used in finite element codes, real drawbeads are typically replaced by some kind of "equivalent drawbead model", which is required to take into account the bending/stretching processes experienced by a blank sheet passing along a drawbead and the equivalent drawbead restraining and lift forces, amongst others. The foremost question that arises is if such kind of "equivalent drawbead models" can or can not accurately describe and replace the real drawbeads and their actions. In fact, there is not one sole answer to such question, once it depends on the kind of process that is being carried out, and how drawbead relates itself with all the stamping process history.
INTRODUCTION
Sheet metal formed parts are nowadays widely found in almost all consumer products, with the automobile as the paramount example. This means that the associated manufacturing technologies, as well as the design techniques and procedures, are fundamental in the point of view of the competitiveness of these products and of their manufacturing companies. Having this in mind, in the last years the numerical tools based in the finite element method have became an indispensable tool of numerical experimentation in order to save time, money and effort in all design, production and process set-up of deep drawn parts. The advantages of these tools are today very well known. However, there are also some problems identified, being the main development efforts orientated into several directions: the improvement of the computational efficiency, through algorithmical optimization and code parallelization; the improvement of the results exactness, through the implementation of new time integration techniques and, mainly, through the development of new and more accurate constitutive models; and the improvement of the results exactness, through the implementation of a more accurate description of both technological procedure and process parameters simulation, such as the stamping tool modelling and multi-step process simulation.
The present work will articulate the problematic of the numerical results exactness in the point of view of sheet metal forming process modelling. Among many other process parameters, the drawbeads has shown to play a very important role in the success of complex sheet metal forming processes. A special emphasis will be given to drawbeads simulation and to the analysis of how numerically they are modelled (and geometrically eliminated) following, for instance, an "equivalent drawbead model" strategy [1, 2, 3] .
One material with interest in the frame of automotive industry will be considered under this study: a dual phase steel (DP600). Following an adequate set of numerical simulations, different drawbead simulation strategies will be studied in order to evaluate its numerical influence on process history and springback. The numerical simulations will be carried out using a benchmark proposed in the framework of Numisheet'2005 conference and the bulge test example.
DRAWBEADS
Drawbeads can be built-in in a stamping tool with several purposes. Drawbeads are small semicylindrical protrusions appearing on the die surface (or on the blankholder) with a negative cavity (a grove with quarter cylindrical shoulders) on the opposite tool. Due to this "artificial" barrier, the material flow is more restrained and will be more easily controlled. Besides, drawbead geometries and positions are often used to tune experimentally the success of a stamping operation, since it is quite important for the success of the stamping process to have an optimal balance between the amount of expansion in the central part of the blank submitted to the action of the punch and the amount of drawing in the external part: a too large amount of drawing, due to an insufficient restraining force, can lead to the formation of wrinkles and, on the other hand, a small amount of drawing associated with a large restraining force promotes the expansion of the sheet in the central areas, what can lead to necking and fracture [1] .
In fact, drawbeads play an important role in stamping operations as a main approach to control the metal flow to the die, especially in the forming of large complex parts such as large automotive parts. However, there are many other examples where drawbeads play import roles, as it will be seen further ahead.
If experimentally is well understood the importance of drawbeads, numerically is very difficult to simulate them as they really are (geometry, size, position,…). In effect, drawbeads should be properly modelled in the numerical models used in finite element simulations in order to guarantee an accurate simulation of their effects on the stamping process. The existence of drawbeads will impose to the blank material passing along the drawbead a sequence of bending, unbending and reverse bending, will introduce some strains and stresses, some plasticity and a thickness change, as well as restraining and bending forces [4, [1] [2] [3] . However, numerically it is very difficult to model with accuracy the exact drawbead geometry since it requires a mesh refinement that will increase the total number of finite elements due to the typical drawbeads' small dimensions (mainly the radius). This increase in the number of finite elements will have an exponential effect on the CPU time, what is not acceptable.
Taking into account the previous framework, several authors [5-7, as example] propose that real drawbeads' geometry can (or must) be eliminated from tool's geometrical configuration and be replaced by some kind of forces, which can be correlated with real drawbeads geometry, materials specifications and friction coefficient, among other relevant parameters. In fact, the main idea is to replace the complexity of real drawbeads by some equivalent forces: a normal force Fn, which causes the material to bend up, to go over the drawbead, and a resistive force Fr, which resists the material flow along drawbead. However, this kind of procedure can be questionable since it is overtaking the real process history, and it is not possible anymore to quantify and identify the resultant stress states due to the strain paths associated to drawbeads, as real drawbeads are replaced simply by the so-called equivalent forces, which are dependent on the progress of the process. Having this in mind, and since the changes in the strain and stress fields and the thinning of the blank are not taken into account following the previous method, Meinders et al. [3] proposed a more complete "Equivalent Drawbead Approach" in order to overcome the apparently inaccurate simulation results: the real drawbeads are replaced by artificial lines on the tool's surface, on which an algorithm acts associating the abovementioned equivalent forces and, to the finite elements crossing these lines, adding the effects of sheet thinning and strain and stress states changes in order to reproduce with more accuracy the real time-dependent process and its history.
The previously referred strategies have two main drawbacks. The first one is that the drawbead forces and strains, which are strongly linked to the blank material and gauge, drawbead geometry and friction behaviour, must be determined either experimentally or numerically from a two-dimensional plane strain drawbead simulation, in which the real drawbead geometry is modelled. However, what happens if in the real process drawbeads are not linear or the deformation process is not close to a plane strain state? And what happens if the blank thickness increases during the forming process? The second one is associated to the fact that only the nodes passing along drawbead experience a time-dependent equivalent force and thickness strain. In fact, in the clamping phase (which disappears), drawbeads can induce some plasticity and some state variables change in the middle of the blank only due to drawbead action. In this case, none of the proposed models can predict a state change on material points initially located away from drawbeads influencing area.
In truth, a final answer to the question "Drawbeads: to Be or Not to Be" can not be easily given. Such answer is very dependent of several particularities of the forming process, such as the global tool and drawbead geometries, the final shape of the formed part and the existence or not of scrap. Looking to the generality of the forming processes, one can identify three very general categories of drawbead functions:
1. The ones in which drawbeads act to strongly restrain the material flow inside die cavity. Often, the material that crosses along drawbead area will be cut off becoming scrap. In these cases, the most important is to replace the real drawbeads by the so-called equivalent restraining forces. These are probably the most frequent type of forming processes;
2. The ones in which drawbeads act to completely eliminate any gliding between blank and drawbead. In these cases one could be attempted to simply replace drawbeads by some displacement restrictions to a significant line of nodes. However, it is possible, as it will be shown further ahead, that clamping phase introduces some plastic strains in the centre of the blank. If drawbeads are simply replaced by some restrained displacements, one will not be able to simulate and reproduce the clamping effects on the overall blank;
3. Finally all cases such the one proposed at Numisheet'2005 conference as benchmark#3, where material passing along drawbead will be included in the final formed part.
In next sections, cases 2. and 3. will be analysed. Among other important points, drawbeads are of paramount importance in order to accurately predict final residual stress states and springback. However, if drawbeads are replaced by some kind of "alternative" forces, the history of the process changes, and consequently it will change the final stress states and thus springback: the final geometry of the forming part will also change. The goal of this work is also to evaluate how the "equivalent drawbead forces" can change numerical results and springback prediction.
DD3IMP -THE FEM CODE
All simulations were carried out with DD3IMP (Deep Drawing 3D IMPlicit Code), a finite element home code that has been continuously developed and optimised to simulate sheet metal forming processes [8, 9, 10] .
In the mechanical model implemented into DD3IMP FEM code, the evolution of the deformation process is described by using an updated Lagrangian scheme. At the end of each time increment t ∆ , the configuration of the sheet and tools and the state variables are updated and the new configuration is taken as reference for the subsequent time increment. It is assumed that the elastic strains are negligibly small with respect to unit and the elastic behaviour is isotropic. An explicit approach is used to calculate an approximate first solution for the incremental displacements, stresses and frictional contact forces. However, this first solution satisfies neither the variational principle nor the coherence condition, due to the non linearities of the problem to be simulated. So, this first approximation of the configuration and state of the deformed body at instant t t ∆ + is successively corrected using an implicit algorithm of Newton-Raphson type, until the equilibrium of the deformable body is satisfactory. It is now possible to update the configuration of the sheet at the end of the
and of the state variables, passing on to the calculation of the next time increment, until the end of the process [8] . Friction is modelled by the Coulomb's law [10] .
The updated Lagrangian formulation implemented into DD3IMP code is based on the principal of virtual velocities proposed in McMeeking & Rice [11] and given by
which is fulfilled for any virtual velocity field v δ , and where J σ & is the Jaumann derivative of the Cauchy stress tensor σ , L is the gradient of the velocity vector field, D (strain rate tensor) and W (total spin tensor) are, respectively, the symmetric and antisymmetric parts of L .
The material used in this work is assumed to have an elasto-plastic behaviour with isotropic work hardening and kinematic hardening. The isotropic work hardening is described by the Swift equation (eq. 2) and kinematic hardening by the Lemaitre--Chaboche non-linear law with saturation (eq. 3) [12] , 
In DD3IMP the geometry of the forming tool is modelled by parametric Bézier surfaces. Contact is established between the deformable body (the blank sheet) and the tools, which are assumed to behave rigidly. In order to take into account the friction between the two bodies, a classical Coulomb's law with an augmented Lagrangian approach is used [9] . The numerical schemes followed rely on a frictional contact algorithm that operates directly on the parametric Bézier surfaces.
NUMERICAL EXAMPLES
In order to evaluate the importance of including in numerical models the real geometry of drawbeads, two kinds of simulations were carried out: the bulge test and the Numisheet'2005 benchmark#3, as examples of cases 2 and 3 referred in the previous page.
A Dual Phase DP600 steel was investigated [13] . The following constitutive parameters were used: elastic properties, E=210GPa, ν =0.30; Swift law, 0 Y =308.3MPa, C =790.2MPa and n =0.132; kinematic hardening, C X =15.8 and X sat =169.2MPa; Hill48 anisotropy parameters, F=0.490, G=0.504, H=0.496, L=M=1.5 and N=1.27.
The Bulge Test
One of the abovementioned drawbead actions is to completely eliminate any gliding between blank and drawbead. In this case it matters to evaluate if, since it should not occur any gliding between the clamped blank and drawbead, the real drawbead can be replaced by some displacement restrictions to a significant line of nodes. In order to perform this study one decided to choose the cylindrical bulge test, which tool is presented in Figure 1 .
Due to geometrical and material symmetries, only one quarter of the global structure was simulated. A FE mesh with 2800 8-node hexahedron solid finite elements with selective reduced integration, 5802 nodes and 1 layer of FE throughout sheet thickness (1.0 mm) was used.
To understand how the results can be influenced by the real drawbead, two simulations were carried out: in the first one the drawbead was accurately model as presented in Figure 1 ; in the second one the drawbead was replaced by a in-plane displacement restriction to all nodes immediately below the drawbead. FIGURE 1. Tool (die and blankholder) and initial blank for the cylindrical bulge test. Pressure is applied to the bottom face of the blank. Figure 2 shows the evolution of the equivalent tensile stress at a material point located in the centre of the blank. As can be seen, the clamping phase introduces some plasticity in the centre of the blank that can not be taken into account if drawbead is simplified. Finally, Figure 3 shows the evolution of the pole height with pressure, as well as the relative difference between both results. It must be notice that, even if the pole height evolution is very similar, an average difference of around 2.5% (after 2 MPa) can be observed, which can be important if the goal is to perform material parameters identification. 
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The Numisheet'2005 Benchmark#3
The second proposed example is Numisheet'2005 benchmark#3. The goal is to evaluate how drawbeads influence the springback after forming (stage 1).
Due to geometrical and material symmetries, only one quarter of the global structure (blank size of 1066.8mmx254mmx1mm) was simulated. As the main goal of this study is to evaluate springback, three layers of 8-node solid elements were used through thickness. Two simulations were carried out. In the first one the drawbead was taken into account as it is (see Figure 4) . In the second one the drawbead was replaced by the so-called equivalent drawbead forces, which identification was carried out using the first simulation results. The first subject to be noticed concerns the deformation history, which is very different among both simulations. Due to drawbead and die radii, the blank is subject to several cycles traction-compression. When the drawbead is removed, some of these cycles are removed too, as it is shown in Figures 6 and 7 , which show both the traction-compression sequence and the evolution of the equivalent plastic strain for a material point located in the upper surface of the blank. The amount N:N ref , being N the norm of the plastic strain rate tensor (computed on each iteration) and N ref a reference tensor (constant, it is formulated for plane strain traction along transverse direction), becomes close to 1 (traction) or -1 (compression). The referred number of cycles (2.5 and 1, respectively) seams to be the main reason for the large difference found on the final equivalent plastic strain in both simulations: about 54% if drawbead is considered and about 6% if drawbead is not taken into account. However, if we look to springback results, they are very close: 71.0º and 66.6º, respectively, since that springback is more dependent of stress gradients along sheet thickness than of global (average) stresses. Figure 8 shows the evolution of the normalised
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effective stress throughout blank thickness. As can be notice, even if the amplitude of the final stresses (before springback) are very different (see Table 1 ), the normalisation of this values using the averaged ones, shows us an analogous evolution. Since springback is dominated by this gradient, and once they are rather similar, the final springback is also very similar (the difference is smaller than 6%). 
CONCLUSIONS
After all the presented study, the title of it seems to be more and more "Drawbeads: Not to Be". However, this answer can not be taken as unquestionable. If simulation purposes are to achieve exactness, it is clear that the presence of drawbeads must be taken into account in the numerical models. However if the aim is only to obtain sufficiently good results, a correct equivalent drawbead model can perform well enough. Meanwhile, the levels of plastic deformation and final residual stresses states delivered by simulations with the equivalent drawbead model will always be different from the real process, which can have severe consequences in case of multi-step processes simulations.
A final decision about to model or not drawbead, or to replace them for an "Equivalent Drawbead Model" must always take into account the aim and the framework of the simulation. Figure 5 (stresses in MPa).
